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FIELD OF THE INVENTION

"‘-—-——

A method of inhibiting the formation of fouling deposits occutring on the surfaces

of an alkaline scrubber used to wash acid gases generated during the manufacture of

olefins, which deposits are formed during the scrubbing of pmlﬁcdly produced

hydrocarbons contaminated with oxygen-containing compounds with 2 caustic solution
having & pH >7, which comprises adding ah effective deposit-inhibiting amount of &
caustic solution-soluble substituted aromatic amine selected from the group consisting of:
2- aminophenol, 4-ax;xinopheno!, 4-aminobenzenesulfonic acid and salts thereof, 4-
amino-g-cresol, 3-aminophenol, 2-aminobenzoic acid and salts thereof, 3-aminobenzoic
acid and salts thereof, and 4-amincbenzoic acid and salts thereof to the caustic solution.

A preferred substituted aromatic amine is the sodium salt of 4-amino- benzenesulfonic

acid in aqueous solution.

BACKGROUND OF THE INVENTION
This invention relates to the prevention of fouling on metal surfaces in contact
with a sodium hydroxide solution which is in contact with a gaseous or liquid
hydrocarbon stream. |
In cracking operations, such as the pyrolytic cracking of ethane, propane, and
naphtha to form olefins, oxygenated compounds, including carbonyl compounds, are

formed. The amount of carbonyl compounds, such as aldehydes and ketones, formed in
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such operations can vary widely, but is typically about 1-100 ppm in the gas stream with

. concentrations as high as 1000 ppm occasionally being encountered because of the

ﬁtilizaﬁon of various feedstocks:and cracking temperatures. When the gas Stream 1s
passed tbxough & basic wash (pH>7) to remove acidic components such as hydrogen
sulfide and carbon dioxide, oxygen containing compounds, such as carbonyl compounds
are alsoremaved. These oxygen containing compounds, particularly acetaldchyde, will
undergo polymerization in the presence of the basic wash or scrubbing conditions. In the
wash tower, the resulting polymer settles on the trays leading to fouling and eventual
plugging of the trays. Eventually the unit must be shut down for cleaning - obviously a
costly operation. The basic wash systems, whete treatment is required to inhibit such
polymer-based fouling, include amine scrubbers (e.g. monoethanolamine (MEA) and
diethanolamine (DEA) and caustic (sodium hydroxide) wash systems,

Generally, the basic washing entails contacting the gaseous olefins with an
aqueous basic solution in a wash tower to remove hydrogen sulfide and carbon dioxide
therefrom. The conditions in the wash tower are conducive for condensation reactions of
any aldehydes (e.g. acetaldehyde) and/or ketones contaiied therein.

Carbohydrazide has been found to be an effective anti-foulant for ethylene unit
caustic towers and amine units used to scrub gases after the furnace but prior to the
recavery section. During ethylene production, a smalt amount of partial oxidation

products are formed. The major component of these partial oxidation products is
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acetaldehyde. The effluent from the ethylene furnace, containing acetaldehyde and other
oxidation products, is washed in a caustic tower. This process removes acid gases such
as carbon dioxide and hydrogen sulfide. Carbohydrazide has been disclogefi as useful for
inhibiting polymeric fouling deposits during the caustic scrubbing of pyrolytically-
produced hydrocarbons contaminated with oxygen-containing compounds in U. S, Patent
No. 5,160,425,

In some ethylene production units, an amine unit is used in front of the caustic
tower to remove most of the acid gases. On contact with a caustic or aqueous amine

solution, acetaldehyde and other aldehy.des or ketones undergo_g base catalyze_d Aldol

condensation. The result of these numerous Aldol reactions is a-water insoluble polymer.
| At some ethylene mhnu't"ab‘n:n.i.iié.?écili'ife?, a vinyl acetate pl;nt is also present.
Ethylene is used in the vinyl acetate pmﬁ??ﬁon'gfqeefl_gffmﬂ _etyylene is recovered
by distillation and sent back through the ethylene unit fractionization train. Vinyl acetate
can be entrained with the unreacted ethylene and enter the fractionation train. When
vinyl acetate reaches the caustic tower, it is hydrolyzed to produce a salt of acetic acid
and acetaldehyde, a source of the fouling polymer. -
In U. S. Patent No. 4,673,489, hydroxylamine and its hydrochloride and hydrogen

sulfate salts have been used to inhibit polymer formation caused by condensation

reactions of aldehydes contained in caustic scrubber units, Similarly, hydrazide

compounds for inhibiting the formation and deposition of palymer-based fouling
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materials after caustic scrubbing of hydrocarbon streams are disclosed in U. S. Patent No,
" 5,288,394, However, despite the success of such treatmeants, these compounds are
expensive and must be overf’ed to the caustic scmbbe'r units.

-1 4l

Similarly, inU. S. Patent No. 4,952, 30’1 ethileﬁammnes ‘and water soluble salt

- e

5 forms thereof have been used to inhibit carb‘ﬁiyl"bmmg‘;p'arﬁcﬁlarly aldehyde

fouling,-that often occurs dunng caustic scmbbmg of liquid or gasphase hydrocarbon

vt sy P ——— .

streams, Anuno-contaxmng aryl compound bave been-disclosed-as-inhibitors for

.0 vm—— -

formation and deposman of fouhng matenalsdmmg-causuc-washmg of hydrocarbon
gases in U. S. Patent No. 5,264,114. However, as the Examples show, not all amine-
10 containing aryl compounds are effective for this purpose. Moreover, some are not even

soluble under caustic washing conditions because of high pH,

SUMMARY OF THE INVENTION
A method of inhibiting the formation of fouling deposits occurring on the surfaces
13 | of an alkaline scrubber used to wash acid gases generated durmg the manufacture of
olefins, which deposits are formed during the scrubbing of pyrolytically produced
hydrocarbons contaminated with oxygen-containing compounds, with a caustic solution
having a pH >7, which comprises adding an effective deposit-inhibiting amount of a
caustic solution-soluble substituted aromatic amine selected from the group consisting of:

20 2-aminophenol, 4-aminophenol, 4-aminobenzenesulfonic acid and salts thereof, 4-amino-
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o-cresol, 3-aminophenol, 2-aminobenzoic acid and salts thereof, 3-aminobenzoic acid and
salts thereof, and 4-aminobenzoic acid and salts thereof to the caustic solution. A
preferred substituted aromatic amine is the sodium salt of 4-amino- benzenesulfonic scid

in aqueous solution.

- DESCRIPTION OF THE INVENTION

This invention relates to a method of inhibiting formation of fouling deposits
during the basic washing of hydrocarbons contaminated with oxygen containing
compounds. The method comprises adding to the wash an effective amount of a
substituted aromatic amine, The treatment is well suited for inhibition of deposits formed
during the caustic scrubbing of gas phase olefinic hydrocarbons resulting from the
pyrolytic cracking process. This method prevents the carbonyl compotmds, including
ketone and aldehyde contaminants, from undergoing Aldol condensation and thereby
forming insoluble polymer molecules. By eliminating the formation of insoluble
contaminants, system equipment is kept free of fouling deposits.

The invention is a method of inhibiting the formation-of fouling deposits
occurring on the surfaces of an alkaline scrubber used to wash acid gases generated
during the manufacture of olefins, which deposits are formed during the scrubbing of

pyrolyticatly produced hydrocarbons contaminated with oxygen-containing compounds

" with an alkaline solution having a pH >7, which comprises adding an effective deposit-
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inhibiting amount of an alkaline solution-soluble substituted aromatic amine selected

- from the group consisting of: 2- aminophenol, 4-aminopheno}, 4-aminobenzenesulfonic

acid and salts tﬁereof, 4-amino-g-cresol, S-miinophenol, 2-aminobenzoig acid and salts
thereof, 3-aminobenzoic acid and salts thereof, and 4-aminobenzoic acid and salts thercof
to the alkaline solution. In this method, & preferred substituted aromatic amine is the
sodium salt of 4-aminobenzenesulfonic acid. The scrubber may be-a caustic serubber or
an amine scrubber. An amine unit performs similarly to a caustic unit. In a typical amine
unit, the amine (usually 10% diethanolamine in water) circulates between the absarber
and stripper. The cracked gas stream entets the absorber and acid gases (carbon dioxide
and hydrogen sulfide) react with the amine. This amine salt (called rich amine) is carried
out the bottom of the absorber and sent to the stripper. The temperature of the bottoms of
the stripper are around 275°F. This is hot enough to cause the amine salts to dissociate;
releasing ¢carbon dioxide and hydrogen sulfide which are carried overhead and sent to the
flare. The amine without the salts (lean amine) is sent back to the absorber to react with
more acid gases. Acetaldehyde reacts with the amine to form an enamine, which would
be stable if there was not water present. In the'presence of water, the enamine reacts
further with acetaldehyde 10 form polymer just as it does in the caustic tower.

Further, the substituted aromatic amine may be recovered for re-use. The
pyrolytically-produced hydrocarbon may be an olefin. Additionally, the hydrocarbons

may be produced by the pyrolytic cracking of hydrocarbon feedstocks. The hydrocarbon
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feedstocks may be selected from the group consisting of ethane, propane, butane, naphtha
and‘ mixtures thereof, The hydracarbon may beina gaseous phase.

The oxygen-containing compougid may be a carbonyl compound. .Moreover, the
carbonyl compoux;d may be acetaldehyde. ‘

The substituted aromatic amine may be added to the alkaline scrubber in an
amount tepresenting a molar ratio of amine to carbonyl from about 1.0210,0 to about
1.0:25.0. Preferably, the substituted aromatic amine may be added to the alkaline
scrubber it an amount representing a molar ratio of amine to carbonyl from about 1.0:3.0
to about 1,0:9.0. Most preferably, the substituted aromatic amine may be added to the
alkaline scrubber in an amount representing a molar ratic of amine to carbony! from
about 1.0:1.0 to about 1.0:2.0.

In accordance with the invention, the substituted aromatic amine is added to the
aqueous medium of a basie (i.e., pH>7) wash or scrubber system. The fouling inhibitor
can be added to the caustic tower as neat material or in solution form. The preferred
method of addition is as an aqueous solution with 0.1 to 20 weight percent inhibitor
present, with 10 weight percent especially preferred, so that accurate metering of the
inhibitor to the tower can be achieved.

The treatment should be added to the wash in sufficient quantity to assure that the
molar amount of inhibitor is sufficient to react with all of the undesirable carbonyl

contaminants. Treatment ranges of from 1 to 10,000 ppm of inhibitor per one million
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parts of the aqueous scrubbing medium may be used if no convenient method of

. measuring carbony! content is available, Specifically, treatment ranges of from 100 to

200 ppm of inhibitor have been successfully used. Inany event, an eﬁ'ecgiv_e amount of
inhibitor should be used to inhibit the formation of fouling deposits during the basie
washing of hydrocarbons contaminated with carbony! compounds.

The treatment is especially well adapted to inhibit fouling in caustic wash systems
wherein gaseous olefinic compounds are washed, These gas phase olefins comprise
ethylene, propylene, butadiene, ¢tc., which are formed from the pyrolytic cracking of
hydrocarbon feedstock such as ethane, propane, butane, naphtha, or mixtures thereof.

The invention may be utilized in any alkaline wash system but is particularly useful in
caustic washes such as sodium hydroxide, potassium hydroxide, and in some of the
organic amine materials. The invention is further illustrated by the following example
which is intended merely for the purpose of illustration and is not to be regarded as
limiting the scope of invention or the manner in which it may be practiced.
Example 1

To a 10 ml aliquot of 10% iqueous sodium hydroxide solution, 0.055 moles of the
particular amine to be tested was added to give 2 clear solution. To this solution 0.5 ml
of viny) acetate (0.055 mole) was added and shaken vigorously to hydrolyze vinyl acetate
1o acetaldehyde in situ. The solution was set aside ovemight and physical characteristics

were compared with the blank (containing no aromatic amine), The blank showed red
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precipitates. The test was also run using acetaldehyde instead of vinyl acetate with the

same results.

The results of Table I ilfustrate that 1,2 amino-phenol effectively prevents
precipitation, while another substituted aromatic compound, 1,2, phex;ylene diamine is
not even soluble under pertinent conditions. 1,2 phenylene d:ammc is not even soluble

under pertinent canditions. This shows that not every aromatic amine is suitable for use

in caustic or amine units.
TABLE1
Precipitation Test Results
Observations

Substituted Aryl Amine at 24 hrs. at 96 hrs,

none orange ppt orange ppt

1,2- phenylenediamine insoluble insoluble

2- aminophenol clear red sol'n - | clearred sol'n
| 2-hydroxybenzoic acid yellow suspension orange ppt

Example 2

The procedure described in Example 1 was utilized 1o obtain the results of Table
H. Table Il illustrates that some aromatic amines can effectively prevent precipitation
under pertinent conditions, and that comparable results are produced by a conventional
carbohydrazide treatment. This shows that the amino group is necessary for inhibition;

but again as shown above, not all aromatic amines are suitable,
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TABLE I

Precipitation Test Resnlts

10

Observations

Amine Amount(g) at 24 hrs, at 96 hrs.
none ' none red ppt red ppt
2-aminophenol 0.59 red sol’n red sol’n
4-aminobenzenesulfonic acid 0,95 amber sol’n amber sol’n
4.aminc-o-~cresol 0.76 red sol’'n red sol’n
2-methoxyphenol 0.68 red ppt red ppt
3, 4, 5-trimethoxyphenol 1.01 red ppt red ppt
carbohydrazide 0.505 clear sol'n clear sol'n
carbohydrazide 1.01 clear sol'n clear sol’n
Example 3

The procedure described in Example | was utilized to obtain the results of Table

IIL. These results also illustrate that some aromatic amines are effective to prevent

undesirable precipitation,

The substituted aromatic amines of the instant invention, such as 2-aminobenzoic

acid, can be recovered for re-use by adding mineral acid dropwise until a pH of 5 is

teached. The solution is filtered, and the precipitates are dried. FTIR of the residue

confirms the presence of the substituted aromatic amine, 2-amonobenzoic acid.
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TABLE 01
Observations
Amine Amount {(g) at ] hr. at 48 hirs.
none none yellow suspension | red ppt
2-aminophenol 0.59 ¢lear sol’n red sol'n
3-aminophenol 0.59 clear sol'n amber sol’'n
p-cresol 0.594 yellow suspension | red ppt
2-aminobenzoic acid 0.754 clear sol'n red sol’n
3-aminobenzoic acid 0.754 clear sol'n red sol'n
4-aminobenzoic acid 0.754 clear sol'n red sol'n
4-aminobenzenesulfonic acid 0.95 clear sol'n red soi’n
4-amino-o-cresol 0.68 clear sol’n red sol'n
carbohydrazide 0.50 clear sol'n pale yellow sol’'n
Example4

The procedure described in Example 1 was modi.ﬁcd' by using 10 ml of

diethanolamine instead of 10 ml of aqueous sodium hydroxide solution. This modified

procedure was utilized to obtain the results enumerated in Table IV. These results

ilfustrate that sodium sulfanilate prevents precipitation in a manner comparable to 2

conventional carbohydrazide treatment.

TABLE1V

Precipitation Test Results ‘ _

[ (hT 3904 QIINIHd) ET 399d

Amine Amount (g) Observations at 48 hours.
none none turbid, yellow gum ppt.
hydroxylamine sulfare 0.451 ¢lear, pale yellow solution
carbohydrazide 0.495 clear, yellowish solution
sodium sulfanilate 1.073 ¢lear, reddish yellow solution
12
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Example §

10 ml of a 10% aqueous sodium hydroxide solution was placed in a centrifuge
tube. The amine 1o be tested was then added and mixed well. Next, 0.5 ml of vinyl
acetate was added to the aqueous solutioh. followed by shaking of the soiution for one

3 minute, The solution was stored overnight at 110 - 120°F. Observations were made after
adding enough water 10 make up a total solution volume of 15 ml and mixing.

The results of Table V indicate the activity of the various compounds on an
equivalent weight basis, Sodium sulfanilate showed no red precipitates at half equivalent
weight per mole of acetaldehyde, while carbohydxaz.ide and hydroxylamine sulfate gave

10 precipitates at this treatment rate,
TABLEV

Precipitation Test Results

Amine Amount (g) | Equivalents Observatlons at 24 hrs.
none none none red precipitate
hydroxylamine sulfate 0.226 0.5 red precipitate
hydroxylamine sulfate 0.451 1 ale yellow, slightly hazy solution
carbohydrazide 0.124 0.5 yellow precipitate
carbohydrazide 0.248 1 cleat, colorless solution
carbohydrazide 0.495 2 “clear, colorless solution
sodium sulfanilate 0.504 0.5 red clear solution
sodium sulfanilate 1.073 1 clear, dark red solution
15
13
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Claims
1. A method of inhibiting the fc;rmation of fouling deposits occurring on the surfaces

2 l;f an alkaline scrubber used 1o wash acid gases generated during the manufacture
of olefins, which deposits are formed during the scrubbing of pyrolytically

4 . produced hydrocarbons contaminated with oxygen-containiné compounds with an
alkaline solution having a pH >7, which comprises adding an effective deposit-

6 inhibiting amount of an alkaline solution-soluble substituted aromatic amine
selected from the group consisting of: 2~ aminophenol, 4-aminophenol, 4-

g aminobenzenesulfonic acid and salts thereof, 4-amino-o-cresol, 3-aminophenol, 2-

aminobenzoic acid and salts thereof, 3-aminobenzoic acid and salts thereof, and 4-

- 10 aminobenzoic acid and salts thereof to the alkaline solution,

2.  The method of Claim 1 wherein the substituted aromatic amine is the sodinm salt

[ 0%

of 4-aminobenzenesulfonic acid.
3.  The method of Claim 1 wherein the substituted aromatic amine is recovered for
2 re-use.
4.  The method of Claim 1 wherein the pyrolytically-produced hydrocarbon is
2 ethylene.
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The method of Claim 1 wherein the oxygen—containmé compound is a carbonyl

compound.

The method of Claim 5 wherein the catbonyl compound is acetaldehyde.

The method Claim 1 wherein the hydrocarbons are produced by the pyrolytic

cracking of hydrocarbon feedstocks.

The method of Claim 7 wherein the hydrocarbon feedstocks are selected from the

group consisting of ethane, propane, butane, naphtha and mixtures thereof.

The method of Claim 8 wherein the hydrocarbon is in 2 gaseous phase.

The method of Claim 5 wherein the substituted arornatic amine is added to the

alkaline scrubber in an amount representing a molar ratio of amine to carbonyl

from about 1.0 :10.0 10 about 1.0:25.0.

The method of Claim 5 wherein the substituted aromatic amine is added to the
alkaline scrubber in an amount representing a molar ratio of amine to carbonyl

from about 1.0:3.0 to about 1.0:9.0.
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.12. The method of Claim 5 wherein the substituted aromatic amine is added to the

alkaline scrubber in an amount representing a molar ratio of aming to carbonyl

from about 1.0:1.0 to about 1.0:2.0.

13. The method of Claim 1 wherein the scrubbet is a canstic scrubber.

14. The method of Claim 1 whetein the scrubber is an amine scrubber.
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